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A B S T R A C T
Whereas lymph vessels in some endocrine glands have been thoroughly investigated, data on these vessels in human
parathyroid glands are often contradictory and deficient in available literature. Therefore, the aim of this study was to
histomorphologically investigate whether lymph vessels could be found in human parathyroid glands postnatally and, if
so, whether their presence was age- and gender-dependent. A total of 44 parathyroid glands from subjects of both gen-
ders, aged 4–90 years, were studied. The glands were divided into three groups. Those from the 1st and the 2nd age group
demonstrated similar morphological structure of parenchyma with predominant chief cells with pale-staining cytoplasm,
while the frequency of lymph vessels was lower in the 2nd group. Unlike in these groups, chief cells with dark- staining cy-
toplasm predominated in the glandular parenchyma of the 3rd age group where lymph vessels were not found in any of
the examined glands. The frequency of lymph vessels in parathyroid glands was almost the same for both genders.
Histomorphologic occurrence of lymph vessels coincided with the presence of endocrine cells with pale-staining cyto-
plasm, which allowed the assumption that lymph vessels were also one of the signs of functional activity of human
parathyroid glands.
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Introduction
Human parathyroid glands were discovered as late as
at the end of the 19th century1. They are surrounded by a
thin fibrous capsule. Their parenchyma consists of chief
and oxyphil cells. According to the intensity of the cyto-
plasm staining and nuclear morphology in histologic sec-
tions and cytologic smears, chief and oxyphil cells occurr
in 2 morphologic types, dark and light cells2,3. While
ultrastructural and cytologic analyses of chief cells sug-
gest their function, the function of oxyphil cells is still
unknown2–4. Similar is with the presence of lymph ves-
sels in the parathyroid gland.
Histomorphologic studies related to the origin, devel-
opment, structure and function of lymph vessels are still
lagging behind the studies of the same type that address
the vascular system. This is probably due to differences
in form, achromaticity of the lymph system, and to the
histomorphologic structure of these vessels that allows
their walls to be easily damaged and is thus a cause of ad-
ditional problems.
Recent literature, however, provides sufficient amount
of data on particular factors that affect the growth (vascular
endothelial growth factor, VEGF) and permeability (vascu-
lar permeability factor, VPF) primarily of blood vessels but
also of lymph vessels5,6. Both of these groups of factors be-
long to proteins. As there are several forms of endothelial
growth factors, endothelial cells have specific receptors
for each of them7. Thus, VEGFR-2 and VEGFR-3 receptors
have been demonstrated on the lymph vessel endothelium,
and they bind VEGF-C8,9 and VEGF-D6 endothelial growth
factors. Apart from affecting the growth of lymph vessels in
embryonic7 and differentiated tissues, VEGF-C was re-
ported to induce hyperplasia of the already existing lymph
vessels involved in draining interstitial fluid during inflam-
matory reactions and tumor metastases10.
VEGF-C and its receptor, VEGFR-3, were also shown to
jointly affect the development of lymph vessels in adults11,
and to influence transient lymphangiogenesis that occurs
concurrently with angiogenesis during wound healing12.
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Excess of interstitial fluid is collected by the lymph
and drained away in the blood. In addition, and hor-
mones are excreted into, and transported by the lymph
(lymphocrinia), which was confirmed by the findings of
lymph vessels in some endocrine glands, e.g. in pancre-
atic islets of Langerhans, in adrenal glands, testicles,
ovaries13 and in the thyroid gland14.
Unlike the endocrine glands above, lymph vessels of
human parathyroid glands have been the topic of few
histomorphologic studies that involved the period not
only before birth but also later during life. As evident
from the literature, even those few data that are avail-
able are often contradictory and deficient.
While lymph vessels in parathyroid glands were de-
scribed by some authors as »wide lymph spaces in the vi-
cinity of arteries«15 or as internal or external capillary
network in their capsule, some other authors stated that
these vessels could rarely be observed16 or their presence
could not be found at all in the above-mentioned glands17–19.
Due to all foregoing reasons, we initiated this study as
a continuation of our previous investigation of lymph
vessel development in human embryonic and fetal para-
thyroid glands20 with the following aims:
¿ to investigate the existence of lymph vessels in hu-
man postnatal parathyroid glands;
¿ to verify, in the case of their confirmed existence,
whether the presence of lymph vessels depends on
age and gender.
Materials and Methods
Tissue samples for this study originated from the De-
partment of Histology and Embryology, from the Depart-
ment of Forensic Medicine and from the Department of
Pathologic Anatomy, School of Medicine, University of
Zagreb. The study included 44 parathyroid glands ob-
tained 12–24 hours after death of individuals of both gen-
der, aged 4–90 years (Table 1).
After being subjected to usual histologic preparations
(fixation in 10% water formalin solution, rinsing, dehy-
dration), glandular tissue samples were embedded in
paraffin and serially cut into 5–7 m thick sections. Serial
cuts were stained with hemalaun and eosin, subjected to
PAS method and light microscope study with ocular and
objective magnification of x100 and x400, respectively. To
verify the finding of lymph vessels in parathyroid glands,
the sections with observed vessels were also studied us-
ing immersion, objective x100.
Results
Results of the study are presented for all three age
groups in Table 2.
In the 1st age group, lymph vessels were detected in 10
of 11 examined glands. They were found in connective
trabeculae between predominant chief parenchymal cells
with the pale-staining cytoplasm, and outside the gland
in the vicinity of the connective tissue capsule. Valves
were observed in the lumen of some of these vessels (Fig-
ure 1a), while the lumen of others was partially filled
with slightly eosinophilic content.
Lymph vessels in the 2nd age group were found in 11 of
14 examined glands, and were situated in or outside the
gland beside the outer surface of the capsule. Some of
them were detected close to blood vessels (Figure 1b), oth-
ers were in connective trabeculae or in the parenchyma
between predominantly chief cells with the pale- staining
cytoplasm (Figure 1c). Similarly to the 1st age group, some
of these vessels had, along with valves, the lumen filled
with slightly eosinophilic content. Lymph vessels were in
both investigated groups of different forms regardless of
their location. Thus, e.g., some were lacuna-shaped, some
elongated with narrow lumen (Figure 1b).
Lymph vessels were not detected in any of the exam-
ined glands from the 3rd age group. Indeed, there were
structures that resembled lymph vessels by their his-
tomorphological architecture. However, the examination
and immersion verification demonstrated that the ob-
served structures were individual lipid cells or vessel
artefacts. Chief cells with dark-staining cytoplasm were
predominant in the glandular parenchyma.
Results of the frequency of lymph vessels in parathy-
roid glands regarding the age are presented in Table 2.
Lymph vessels were found in 48.15% of 27 examined
glands from male individuals and in 47.06% of 17 glands
from female individuals.
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TABLE 1
DIVISION OF THE EXAMINED HUMAN PARATHYROID GLANDS
ACCORDING TO THE AGE AND GENDER
Age groups
Number of examined glands
Males Females Total
I (4 – 30 years) 7 4 11
II (31–60 years) 9 5 14
III (61 – 90 years) 11 8 19
TABLE 2
THE FREQUENCE OF LYMPH VESSELS IN HUMAN PARATHYROID GLANDS ACCORDING TO THE AGE AND GENDER
Age Sex
I (4–30) II (31–60) III (61–90) Males Females
Number of examined parathyroid glands 11 14 19 27 17
Number of parathyroid glands with lymph vessels (%) 10 (90.90%) 11 (78.60%) 0 (0%) 13 (48.15%) 8 (47.06%)
Discussion
Parathyroid glands have been recently studied mainly
from the clinical aspect associated with different endo-
crine and bone system diseases. However, there has been
insufficient interest in some histomorphological struc-
tures in these glands as, e.g., the presence of lymph ves-
sels. There were scarce histomorphologic descriptions of
lymph vessels in human parathyroid glands in the past
and in the recent available literature. Nevertheless, these
descriptive studies referred mostly to their form, location
and distribution, whereas either age or gender of individ-
uals in whose glands lymph vessels were detected were
not reported1,13,15,16.
Similar situation was observed with descriptions of
lymph vessels in some other endocrine glands, and the
assumption of authors of previous studies was that both
blood and lymph vessels served in those glands for the
hormone transport13. This assumption was recently con-
firmed based on a series of studies on animals21-23 and
humans24,25. However, we could not find reports on stud-
ies associated in this respect to lymph vessels in human
parathyroid glands in the available literature.
This study included 44 parathyroid glands from indi-
viduals of different age and sex. All investigated material
was divided according to three age groups and in two
groups according to gender (Table 1).
Histomorphologic structure of parathyroid glands in
the 1st and 2nd age group shared a number of properties:
¿ parenchyma of examined glands consisted mostly of
chief cells with pale–staining cytoplasm;
¿ lymph vessels were found both in and outside the
glands close to the connective tissue capsule;
¿ the form and the content of lymph vessels were sim-
ilar in both groups independently of their location;
¿ valves were observed in some of the lymph vessels
mentioned above.
These histomorphological findings were consistent
with results of few authors who described lymph vessels
in parathyroid glands13,15,20.
Comparison of the proportion of lymph vessels be-
tween the 1st and the 2nd age group demonstrated lower
proportion of these vessels in the 2nd age group. Actually,
lymph vessels were present in 90.9% and 78.6% of glands
from the 1st and the 2nd age group, respectively. Unex-
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Fig. 1. a) Lymph vessel with a valve (small arrow) in the parathyroid gland of a male age 26. H. & E., x200, scale bar = 100 µm, b)
Blood and lymph vessel (arrow) attached to the connective capsule in the parathyroid gland of a male age 48. H. & E., x100, scale bar =
100 µm, c) Lymph vessel (arrow) surrounded by chief cells with pale-staining cytoplasm (arrowhead) in the gland of a male age 59. H. &
E., x200, scale bar = 100 µm, d) Clusters of fat (star) and chief cells with dark-staining cytoplasm (arrow) in the parathyroid gland of a
woman age 77. H. & E., x200, scale bar = 100 µm.
pected result was the fact that none of lymph vessels
were found in the glands of the 3rd age group despite the
highest number of samples examined (Table 2).
Since no data were found in the literature with which
to compare our findings, no specific statement can be
made about either the cause of the diminished propor-
tion of lymph vessels in glands from the 2nd age group or
their absence in the 3rd age group. Only some assump-
tions could be outlined.
If hypotheses of some authors that hormones may be
transported by blood- and lymph vessels are conside-
red13, then the deficiency of lymph vessels in examined
parathyroid glands of individuals from the 3rd age group
might point to changes in relations that occur between
bone tissue on the one hand and parathyroid glands on
the other at the respective age.
The hormone of parathyroid glands is stored in secre-
tory granules within active chief cells with pale-staining
cytoplasm. PTH, D vitamin and calcitonin are basic regu-
lators of calcium and phosphorus turnover which is im-
portant for the maintenance of normal structure of bone
matrix during lifetime. The bone metabolism is also af-
fected by estrogens26 and androgen hormones27. Due to
the reduced level of these steroids, excessive bone degra-
dation or reduced bone production (postmenopausal and
senile osteoporosis) occur at an advanced age. Since each
elevation of plasma calcium concentration lead to re-
duced PTH excretion, reduced excretion of PTH could be
expected at an advanced age due to enhanced bone degra-
dation and calcium release. This conclusion is supported
by some histomorphologic findings obtained in this study
from individuals from the 3rd age group. In the literature,
morphologic types of chief cells are described for the light
microscopic (histologic sections and cytologic smears)3
and electron microscopic preparations of normal human
parathyroid glands2,4. Dark chief cells have slightly eosi-
nophilic, scarce cytoplasm and centrally located nucleus
with condensed chromatin. Ultrastructurally they have
glycogen granules, a small Golgi complex, a few secretory
granules and less prominent endoplasmic reticulum2,4.
These characteristics suggest the resting phase of chief
cells. Light chief cells contain more abundant cytoplasm
and a larger nucleus, with looser chromatin and 1 or 2
visible nucleoli3. Ultrastructurally numerous small gran-
ules, prominent Golgi complex and parallel cisternae of
the rough endoplasmic reticulum suggest the active pha-
se of chief cells2,4. Actually, it has been widely recognized
that chief cells with pale-staining cytoplasm and larger
nuclei are active, i.e. they excrete PTH, while chief cells
with dark-staining cytoplasm and small nuclei are dor-
mant. As the glandular parenchyma of the 3rd age group
was composed mainly of dark cells, it appears that PTH
excretion could also be reduced. If the fact that hormones
could be transported by lymph is accepted, reduction in
those structures that are used for the hormone transport
could be expected in the case of a hormone level reduc-
tion. In this histomorphologic study, such structures
were lymph vessels.
As the examined parathyroid glands in the 1st and 2nd
age group were made up of mostly chief cells with pale-
staining cytoplasm, which indicated glandular activity,
the finding of lymph vessels in these glands was in accor-
dance with the previously stated assumptions. Actually,
this could indicate that the need for PTH transport was
higher at these age groups than at advanced age due to
the rapid bone turnover and maintenance of the bone
matrix. However, secondary hyperparathyroidism often
occurs at an advanced age as a result of reduced calcium
resorption in intestinal epithelium and distal renal tu-
bules. This fact should warrant the expectation of an in-
creased number of chief cells with pale-staining cyto-
plasm in parathyroid glands of elderly persons, which is
in disagreement with our histomorphologic findings.
The issue that still remains indefinite is the fact that
none of the available reports stated the point during life-
time until which the lymphoangiogenic growth factor
VEGF-C generally affects the development of lymph ves-
sels, and thus also of those from parathyroid glands.
Some literature data stated that biological activity of
VEGF-C depended on angiogenic regulators present in
the microenvironment of endothelial cells to which they
respond28. There are also opinions that angiogenesis in-
hibitors, i.e. »negative vessel growth regulators« (the au-
thor did not emphasize that he referred to blood vessels
only), are members of a large group of suppressors that
prevent the mitosis of endothelial cells29. According to
the same author, endothelial proliferation may be pre-
vented by pericyte activity, mitogen removal from extra-
cellular matrix, altered endothelial forms that reduce its
sensitivity to growth factors, or by the activity of certain
endothelial integrins.
During their study of VEGF-C, Cao et al.30 observed
that it could provoke changes in endothelial forms and act-
in reorganization in endothelial cells containing VEGFR-2
and VRGFR-3 receptors, but not in those containing
VEGFR-1 receptor. According to their opinion, VEGFR-2
and VEGFR-3 could change proliferative and chemo-
tactic responses of endothelial cells to stimulatory activ-
ity of VRGF-C. However, unlike VRGFR-1 and VEGFR-2,
VEGRF-3 was expressed mostly in endothelial cells of
lymph vessels from tissues of adults, and very poorly in
other vessels. The authors believed that angiogenic activ-
ity of the growth factor in vivo depend on the balance be-
tween angiogenic factors and inhibitors in the tissue.
Based on the data from available literature, the possi-
bility that some of the stated factors could also affect the
reduction of lymph vessels in parathyroid glands of the
2nd age group, or their absence in the 3rd age group, could
not be ruled out.
Results of investigating the frequency of lymph ves-
sels in parathyroid glands with regard to gender demon-
strated that the finding of these structures was almost
equal for both genders (Table 2). The slight difference
observed might only be fictitious. These results should be
accepted critically on account of the uneven number of
glands from individuals of both genders; even more so
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because available literature provided no similar studies
for the comparison with our results.
Histomorphologic occurrence of lymph vessels coin-
cided with the presence of endocrine cells with pale-
staining cytoplasm, which allowed the assumption that
lymph vessels were also one of the signs of the functional
activity of human parathyroid glands.
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IMA LI LIMFNIH @ILA U EPITELNIM TJELE[CIMA LJUDI RAZLI^ITE @IVOTNE DOBI I SPOLA?
S A @ E T A K
Dok su limfne `ile u nekim endokrinim `lijezdama dobro istra`ene, podaci u dostupnoj literaturi o spomenutim
strukturama ljudskih epitelnih tjele{aca ~esto su opre~ni i manjkavi. Stoga je cilj ovoga rada bio histomorfolo{ki istra-
`iti postoje li limfne `ile u epitelnim tjele{cima ~ovjeka nakon ro|enja i ako postoje, ovisi li njihova prisutnost o `ivotnoj
dobi i o spolu. Istra`eno je 44 epitelnih tjele{aca osoba oba spola, od 4. do 90. godine `ivota. @lijezde su podijeljene u tri
dobne skupine. Prva i druga dobna skupina pokazuju sli~nu morfolo{ku gra|u parenhima u kojem su prevladavale
svijetle glavne stanice, dok je u~estalost limfnih `ila manja u drugoj skupini. Za razliku od prethodnih skupina u `ljez-
danom parenhimu tre}e dobne skupine prevladavale su tamne glavne stanice, a limfne `ile nisu prona|ene ni u jednoj
istra`enoj `lijezdi. U~estalost limfnih `ila epitelnih tjele{aca gotovo je jednaka u oba spola. Histomorfolo{ka pojava
limfnih `ila podudara se s prisutno{}u svijetlih endokrinih stanica, {to dopu{ta pretpostaviti da su i limfne `ile jedan od
znakova funkcionalne aktivnosti epitelnih tjele{aca ~ovjeka.
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